A new cobalt(II) complex, [Co(H 2 O) 4 (nia) 2 ](suc)·(H 2 suc) [nicotinamide = nia, succinate = suc 2− ], has been synthesized and characterized by elemental analysis, IR, TG-DTA and single-crystal X-ray diffraction. It contains [Co(H 2 O) 4 (nia) 2 ] 2+ complex cations, uncoordinated suc 2− anios and H 2 suc species. In the complex cation the cobalt(II) ion is coordinated by four aqua and two nia ligands in a distorted octahedral geometry. The suc 2− dianion acts as a counter-ion, while H 2 suc is present as a molecule of solvation. A three-dimensional network is formed by O-H···O and N-H···O hydrogen bonds. The title complex exhibits luminescence in the solid state at room temperature. The magnetism of the complex was studied over the temperature range 1.8 -300 K.
Introduction
Metal carboxylates are particularly interesting since they not only form open-framework structures, but also because the carboxylate group may act as a linker between inorganic moieties [1] . α, ω-Alkane-dicarboxylates, such as succinate [suc 2− , (C 4 H 4 O 4 ) 2− ], have conformational freedom, and they can give novel frameworks, with for instance bidentate and monodentate linking modes, cis-cis, trans-trans and cis-trans orientation etc.
Some complexes containing suc 2− as the counterion have been reported [2 -7] . Apart from this, some complexes comprise suc 2− as both a ligand and a counter-ion [8 -10] or as a ligand together with a H 2 suc molecule [9, 11] . In an extension of our work on succinate complexes [12 -14] we have observed that the reactions of H 2 suc or Na 2 (suc) with nickel(II) salts yield two different compounds, i. e., { [Ni(µ-suc) 4 (nia) 2 ](suc)·(H 2 suc). The latter is one of the rare examples which shows simultaneous presence of uncoordinated suc 2− and H 2 suc [14, 15] .
It is known that the presence of infinite M-O-M connectivities in metal dicarboxylate structures enables the electronic and magnetic exchange in one, two 0932-0776 / 10 / 0600-0695 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com or three dimensions [1] , but the M-O-C-O-M pathway also needs to be taken into account for weak coupling [16] . Furthermore, it has ben reported that magnetic exchange interactions through hydrogen bonds are also possible [17] . Because of the diversity of the inorganic networks and their complexity, metal carboxylate frameworks show different and usually extremely complicated magnetic behavior [16] .
Herein we present the synthesis of the title complex [Co(H 2 O) 4 (nia) 2 ](suc)·(H 2 suc), which has been characterized by elemental analyses, IR, TG-DTA, and single-crystal X-ray diffraction. In addition to fluorescence properties, the magnetic properties are described for the temperature range of 1.8 -300 K. The magnetic behavior of the title mononuclear complex of [Co(H 2 O) 4 (nia) 2 ](suc)·(H 2 suc) and of the 1D polymeric complex {[Co(µ-suc)(H 2 O) 2 (nia) 2 ]·2H 2 O} n which contains N-bonded nia and suc 2− dianions as ligands is also discussed briefly.
Results and Discussion
The composition of the complex was determined by elemental analyses, FT-IR, DTA-TG, and magnetic measurement analysis. The elemental analysis data agree well with the calculated values. The complex is soluble in water. The room temperature magnetic moment is 5.09 µ B , significantly higher than the spin only value of 3.87 µ B , indicating orbital contributions.
The IR spectrum of the complex displays characteristic bands of suc 2− , H 2 suc and nia. The strong and broad peaks centered at ca. 3380 cm −1 were assigned to the ν(OH) vibrations of the water molecules. The ν(NH) absorption bands of the amide group of the free nia molecule are split for the complex and appear in the 3450 -3220 cm −1 region at higher wave number than those of the free nia because of involvement in hydrogen bonding. The bands at around 2920 -3080 cm −1 are attributed to the ν(CH) stretching vibrations of the aromatic and aliphatic groups. The stretching bands of the amide carbonyl group in the free nia and in the complex are similar and observed at 1680 and 1677 cm −1 , respectively, indicating absence of coordination through the amidic carbonyl group. The very strong band centered at 1704 cm −1 is characteristic of the ν(C=O) stretch of the COOH group, and the strong absorptions at 1542 and 1393 cm −1 arise from the asymmetric (ν as ) and symmetric (ν s ) vibrations of the carboxylate group of suc 2− [14] .
Description of the crystal structure
The title complex consists of tetraaquabis(nicotinamide)cobalt(II) cations, succinate dianions and succinic acid molecules (Fig. 1 ). Two systems with sim- 
ilar constituents (catena-(µ 2 -succinato)diaquabis(nicotinamide)cobalt(II)) have been reported proviously [13, 18] . They both crystallize in the triclinic space group P1. However, in these compounds the succinate anion is involved in coordination leading to a polymeric structure.
In the complex cation, the cobalt(II) ion is surrounded by two N-bonded nicotinamide ligands and four water molecules. If nicotinamide molecules are considered as axial ligands, the four water molecules lie in the equatorial plane. Geometrical parameters expected for such a cation are well documented in the literature [19 -22] . For the present case, the reported geometrical parameters given in Table 1 do not deviate significantly from expectations. The coordination sphere around the cobalt(II) ion is distorted octahedral. The geometrical parameters of the nicotinamide ligands are normal [23] . The planar pyridine ring and the amide group plane are mutually twisted by 5.4(1)
• .
A three-dimensional O-H···O and N-H···O hydrogen bonding network (Table 2, Fig. 2 ) stabilizes the crystal structure of the title compound. The only weak C-H··· O contact to be considered is C5-H5···O4 i (symmetry code as in Table 2 ; C5··· O5 distance 3.256(2)Å, C5-H5···O4 angle 153 • ; for details see Table 2 and Figs. 1 and 2 ). The carboxyclic group of the succinic acid molecule is the donor to a particularly short hydrogen bond to the succinate dianion O5 atom. This hydrogen bond may be one of the reasons for specific crystal structure packing with short contacts created between nicotinamide O atoms (O3···O3 iv dis- 
Thermal decomposition studies
The thermal degradation of the complex in nitrogen atmosphere has been studied by DTA and TG. The complex looses its aqua ligands in the range 62 -139 • C. The experimental mass loss is 11.5 %, consistent with the calculated value of 11.8 %. After dehydration, removal of the nia as well as the succinate components occurs simultaneously in the range 139 -738 • C. Three DTA maxima are observed at 187(+), 249(+), and 439(−)
• C. The final decomposition product is the metal oxide. Found and calculated weight losses are in good agreement (found 75.3 % and calculated 75.9 %). 
Magnetic behavior

The complex {[Co(µ-suc)(H
nation polymer, in which the suc 2− ligand bridges the metal centers through its carboxylate groups. The Co(II) ions exhibit an octahedral geometry with two suc 2− , two nia and two aqua ligands. The magnetic properties of both complexes over the temperature range 1.8 -300 K are illustrated as magnetic susceptibility χ M and χ M T vs. T in Figs. 3 and 4 .
Cobalt has the highest Curie temperature among the three ferromagnets of the first-row transition metals and is magnetically also the most anisotropic one. For octahedral coordination geometry, the ground state is 4 T 1g . If the spin-only formula for S = 3/2 and a g-value of 2 are used, the effective moment is expected to be 3.87 µ B [24] . However, the value of χ M T at 300 K equal to 3.22 cm 3 mol −1 K (5.09 µ B ) for the [Co(H 2 O) 4 (nia) 2 ]·(suc)·(H 2 suc) complex is higher than the expected value because of an unquenched orbital moment as a consequence of spin-orbit coupling [24] . As seen in Fig. 3 , the value of χ M T increases only slightly to 3.92 cm 3 mol −1 K (5.21 µ B ) at 140 K as the temperature is lowered. In the low-temperature range (below 140 K), a more evident decrease is observed reaching 2.38 cm 3 mol −1 K (4.37 µ B ) at 1.8 K. The slight decrease in the low-temperature range is due to very weak antiferromagnetic interactions and/or single ion zero-field splitting of the Co(II) ions [25] .
For the polymeric complex (Fig. 4) , the value of χ M T at 300 K equals 3.09 cm 3 mol −1 K (4.98 µ B ) and decreases only slightly as the temperature is lowered. In the low-temperature range (below 50 K), a more evident decrease in its value is observed reaching 1.89 cm 3 mol −1 K (3.89 µ B ) at 1.8 K.
A negative value of the Weiss constant confirms the occurrence of antiferromagnetic interactions between the Co centers for the polymeric complex {[Co(µ-suc)(H 2 O) 2 (nia) 2 ]·2H 2 O} n . This result corresponds well to the known fact that the carboxylate group may play the role of an antiferromagnetic coupler in carboxylate-bridged cobalt(II) complexes [25] .
When both complexes are compared, it is seen that the orbital contribution for the mononuclear complex is higher than for the polymer (magnetic momentums of 5.09 µ B and 4.98 µ B , respectively). The variation of the magnetization M versus the magnetic field H for both complexes is linear in the whole field range and indicates values of magnetic momentum of 2.63 µ B and 2.35 µ B at 5 T, respectively.
Photoluminescence
The solid-state photoluminescence spectra of nia and of the title complex at room temperature are shown in Fig. 5 . Upon excitation at 275 nm, the free nia emits fluorescence at 372 and 442 nm, and the Co complex emits fluorescence at 376 and 437 nm. The fluorescence spectrum of the complex is similar to that of the free nia with only negligible shifts, suggesting that the fluorescence of this cobalt(II) complex mainly originates from the nia ligand, and the emissions can be tentatively assigned to intra-ligand π-π * transitions.
Conclusions
In summary, [Co(H 2 O) 4 (nia) 2 ](suc)·(H 2 suc) has been synthesized and characterized by its elemental analysis, magnetic properties, IR spectrum and TG-DTA. The crystal structure was determined by X-ray diffraction. The complex exhibits luminescence in the solid state at r. t. because of intra-ligand π-π * transitions. The complexes [Co(H 2 O) 4 
Experimental Section
All chemicals were bought and used without further purification. IR spectra were recorded on a Perkin Elmer 100 FTIR spectrophotometer from KBr pellets at 4000 -450 cm −1 . The elemental analyses (C, H and N contents) were performed at TUBITAK-ATAL. Thermal analysis curves (TG and DTA) were obtained using a Pyris Diamond TG/DTA (DSC) thermal analyzer in nitrogen atmosphere. Sample sizes of 5 -10 mg and a heating rate of 10 • C = 3382s, 3206s, 3077vw,  2923vw, 2488m, 1936m, 1704vs, 1677vs, 1619s, 1572s,  1542vs, 1426s, 1393vs, 1332vs, 1225s, 1195vs, 1121m,  1050w, 1034w, 1021w, 894w, 805m, 775m, 684m, 644s , 628m, 535w.
X-Ray structure determination
The X-ray diffraction measurement was carried out on an Xcalibur PX diffractometer with the use of graphitemonochromatized MoK α radiation. The crystal structure of the title complex was solved by Direct Methods with SHELXS and refined with the SHELXL software [26] . H atoms bonded to C atoms were included assuming a model molecular geometry with U eq = 1.2 U eq (parent atom). All remaining H atoms were found on difference Fourier maps and refined initially with DFIX restraints for O-H and N-H bond lengths. Next AFIX 3 constraints were applied to these H atoms with U eq = 1.2 U eq or 1.5 U eq for N-bonded and O-bonded H atoms, respectively. The details of data collection, refinement and crystallographic data are summarized in Table 3 .
CCDC 755484 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data request/cif.
